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Abstract: 

PROBLEM TO BE SOLVED: To separate a low defect density film from a base substrate after 
growing the low defect density film on the base substrate. SOLUTION: A release layer for 
controlling the position of a boundary defect formed during film growing is formed and patterned on 
the base substrate (step 1 020), and the low defect density film is grown on the release layer (step 
1060). After that, the release layer is etched to separate the low defect density film from the base 
substrate (step 1 100), and then a device is grown on the low defect density film (step 1080). By 
doing this, after the low defect density film is grown preferably on the base substrate, the low defect 
density film is separated from the base substrate and the device can be formed on the low defective 
density film. COPYRIGHT: (C)2001,JPO 
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mjfe^-^s&^iry y-*g$ffi£it«LTy y- 
Bfifey y-^sro±icigsrfi!cs-r5^xi/^i:, 

[fS#«3] -<-^S«©±(C^fiicl?rJ«fi-r5^ 
mlE^MSro±(cy y-^l^ifa-rS^r-yT 0 ,!:, 

mneji y lt, (i) i*»::*t-r sweat 

(ii) lWfE^<£>'>&< 1 1— o©«^^©hu!E 

M^y^lf— >a v^rff y^i, 

l«WO»iW*8ftM] 30 
[00 0 1] 

i»w©«-t-sa«#»f] **w»4, 

- h'RXfmityj K (LED) ©^ftlC^fcjlfflT* 

(amenable) X'foZ Z t \Z.QM£fttz.\<\ 
[0 0 0 2] 

1&*©8e«] ht 1 ^^.^ • y-K^->y-^ 40 

*y (CD-ROM) Xft-r^/Uf^r^^^ (D 
VD) ©<t5^3t^r-^ffitSr'M^»f f -^teli 

£*>&<(Df t -j> mmf^ * tie* $ n.# 6c r *x 

5) j ;ims^f>T?i)i)5. ftifi*-e, ft^ftx- 

r /W*74>b©x--?^fflL©fc&©ftflgi4, ifc&iH, 50 
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-4*—\gkxmity<<*-Y (led) (4, ft^&r- 
* kh^w ^ -e&ffi $ it s tz *>\z m% £ nr # t ^ 
s„ rnboffaftu— K&tfLEDf4, Jt 

Vv-^yW^r^TLTl^o 

[0003] c^e>©*fS**jRirtJw*iit5^rs*^ 

-7<Z>—oA\ ilimaft* (fll/LJiTA^-^A • # 
y *A •-Tl'S^.rMlMfe* (A 1 Ga InN) ) 

fi-r-S/tfeCDTitii-^S^PfHWMv ; defe 

ct free) fift^^-f $R©B*<if fcioT, ftrffe 

[00 04] ^ftttfitt, ffiglj^icsm LTV^JR^- 

al©4 9 4M©ft (tv— t-) mxizyr-t? b 
f4, ^©JS^roaiiJWSttE^JrofeS-cfcS. *Pfe, -f 
*t>t> ; &©J;5*aSiJ«JJB-T-^^-v»c*jrt5^«aiJtt 
t>, |53#lcL(4L(4@icBx.5 (Wx.(4 s 2o©Jgftii 

[0 0'b'5] ^frx^<l'^co^tt{4, ^tvibroTi*© 
EDI4. V *nb©»*»fi^*Jlt5>:tet J: 5S**Sr 

[0006] z<nmm.tm\mmmy"^ ^^m- 

[0 0 0 7] L^L, ■^^r'f T±^©III»5*jk«j© 

o 10 /cm 2 ) nn^iiitb-rm^ttazti^m 

SilT^S. ^^O^fy^A^f^ (G a N) 14, II 
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«#l6li6J«ft (ELOG) 8«£<£fflLTGaNlK£fijc 
[i*gGaNBIt#5fc©©(J(£'t>-6»C, (sutur 

[0 0 0 8] «*WftELOG8«fc:fctt5*J!^:Jfe© 

Ell (Cffi^tLTV^o GaNW 
(nucleation) Jf 1 2 (4, ^.—^y 7 -i TStS 1 0£ 
95= S i0 2 i-x*tt, ttMVl*WaN8| 

Cl&l 6££$-f syn-fe^fi, S iOi W^t20t 
£fiH"£„ ^t2 0ll GaN©a^ftSrJStf5. Ga 
NKOflfefi©IBtC. ffi^P(S^«G a N 2 2 1 6 ic^ 
*"|p]f-fifeS-f- 2>o &1 6fCj&ft-r5GaN2 2(4, Tift 

fgS^LT^S. GaNgMH 2(4, 

0(4, fUfflRrtKcfco©*-ett'<^ h-c?*>5fc©<0, G 
a N 5 ^ t" * * * /usig-efi 4 V \ 

10 0 0 9) ft^SStlGa N2 2 ©J$S# * if 2 0© 

mmzmm-tz t, ^2oa>ib«#i^©i®$ft#te 

£5, > -9-2 0 14, TJlGaNKMI12©et^ 
oy?t5. Lfciht, p<f-2 O^iiJ&ftf 5Ga 
N(4, «*[Sl^te^Jtl!E«J*< W7y-tfeo 
T) . Lfc^ot, (S^PffeS-^G a N12 4?r«fiicLT 

10 0 1 0] «^|6liBfi^ftH:, *©«fc9l#il<»# 

io 2 ^^^icjjfts-aro^^ffiffl-t-s^s^fcSo 

#-f5i> ifcfiL Xi4|g B |^ff^LT^5^/^-^ 
fc:fettS**ftltt#£j*3;ll'r, 2 6 

(0011] 

fc, *fta»e>««n&y y^77^s«fMBt$ii5 ( 
ft-f-5-o»*-ffi(4, u-f77w-> 3 y|;j;5t© 
(ft*i?=.-}-s(-f ; homogenizer) <t, £t£©JS 

& y y ^ 7 7 4 &m&v v— f r y u—. y 9 ^a#f(4, 

9 5 fc » fc , J; 0 4 t &s t $ 

nx^5 0 Sfcfc, tfSlOfcftSftfclllfcSMlttBtS: 
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[0 0 12] 

-^S*A»e>K*3MH-S*«fe-e*)5. r©7jj£(4, ^ 

-*Sffi©±tiy y-^itms«iLty y-*H£ 
ffM-r^^Tyyi, y y-^®<o±(cK*^c*-rs^ 
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[0 0 13] #3SW©fi©«ffili, M*T/<^f^«S 
r©*&(4, ^-7,Ste©J:i;Wi 

• ©'fctewefci^ny^i-a^xyT'i:, 

20 0&km&&m%lZ:%.f$.-tZ>x ; ry7'k, R©ffi£Pfe?fc 
£«0c©±fc:<J>*< it— o0¥*tt7 r 'M':*frj£Jt-*- 
5^fs'7't > St6ftlJ«^J*Ji£ ?='>©»•)*»&# 

t, Sr^-C^S. *>*>6Aa rftib©*^-;/^, ± 
[00 14] *^HJ©^lb(c<(iiW^B(4, imffiXIZft 

mstw-rtiMc. 5>si^tg^©±{^s$ft5x/< 

30 [00151 *»W©i*)SISl^ffitt. ^8iHUX(4»il 
[0016] *38M© 4 19 RktJRStt. 5>StMXi4^«l 

«©^Tft*Mc, »«i>rii*ii©±cj«itsn5»*y 

Kr*fe5 0 

[0 0 17] *^B^©$ P>(Cffi©^ffi(4, is/f->i/{b 
^feK (chemicals) 5r D V -^fllciljig^-fr^riis!)© 

[0 0 18] 

(4, ^©Tjffi^filffii-So *^B^(4, r©aSAS5H?li: 
^<^*^ffi©P*ffl*tftMSr^iStp(CoftT, BJ^> 

[0019] K©^aii4, w— y-'y-r jt- h'Atmyt? 

(LED) ©4 oteT'U xftt&(D±{ZtfL&£ 

ft5Bu*/c(4^$ftfi^ic, icsrtms. 

50 a-g-ictt," Bt«r'«-^S*A»?>»li-i--5iUC % )K©±(c 
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K«£«P£««rRtt 5 Z t tfSS £ fc fcS 0 
[00 2 0] i-yffy hOU y-^fl^cOT^ir^.^ 

tic, ifrSrttlt5 0 t*>5/u, 4$»J*»fl5&:fe<&5 
[0021] fflSfliftSSaHfcfflSftafctfctt:. Rrt 10 

(perforated) -«#T'fc5 0 M^t'T^-g-^fi^t 
#IC|4, £#S«tcif7£i&ft5 ! &£l4/j;<, ftt>5 

[0 0 2 2] ^J&WOfcfcifi^fcJBffiH:, 3WlttK*y 

x^T^ixs&s-efcSo a^W(c=y^^^n<cy 
*?te&y y-*i ta$-c#6. 20 

[0 0 2 3] K£j&ft£*£-o<7)#jfcJ2, ir 

Ufttf&^i^X&ftlrzmic&itZtiZzbtfXZ 
S„ r©a»tt, ««R5»©IB^ 
»*nfc^+y^H:. y y-*g£T*©lfT£ LTffiJB 

[0024] mzf&%-fz>m<vjjm*, y y -^ip 

[0 0 2 5] a*©*ifeXH:te©*jSfet4fc, SRttK 

[0 0 2 6] *mW<D d ti6.S.I>*<tllC>^Bl± 1 #3PJ© 
& * & J3S K Bl-t 6 El T ©MMW fctt W Sr SfcWitr K oft 

[0 0 2 7] El 2 RUM 1 1 £#J§t"5 t , ^11 

2 0 IITWMI 1 1 2 C0±(C S i O2 y y -X! 1 1 40 

eSrJt^^-frSrticio-t, JFM£ft5o 

LT> 1f7 7W7/8EJBfiSJi©#ffil 1 8#ffM£ft 

^-^t7r-f7ifii 1 4<t>m?mmt»Mi$M 
1 1 2©js^*jst©wtctt, mm#)\ztt.*m£tffti£ 

-tSo Lfci^ot, t7 7 ^7/WMt«Ml 1 8 

x-mmm±Lx. ztiiwmi&mi 1 2irioTfo 

iril^-fSo S i O2 y y-*Jll 1 6#^$ftT^5 

t:il< y y-^SSr^yf-^^-f-S^y^-^y htf* 
fUJB«rfli-e*>5KDtt:» ttO*WfcWli-5i4:*T?# 50 
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So ajiwi^y^^^^nsw £#x#5<te©*m© 

f!ll-(4s ift'>!)3^ SiON, RXf£<(D/ 5 >Vfr 
^SftSo ^ffM«©«^»»©«f-JlG a NiS^*n 
5i s :',fMlll« 0H;tf4"A 1 G a N, InN, A1N 

©4 0 mimmimun. xttiiiKaibftoa&jt* 

feS»6 

[002 81 12 (b) It S i0 2 !) (0 2 

(a) fctstts 116) ^fj'T'i 0 2 oi^ry y ^ 

77ftt^-=y^^T|!l 2 2#Bfln£ftfc&© 
l)i^^LT^5„ ;*1rl2 4l4, ^9—=-Vif^y- 
S/^l 0 2 0©ftl:8ffLT^5S i 0 2 Jl©gB»£« 
LTV>3 0 1 2 4©&*©*g(4, &12 2©&*© 
GKc^LTlSl^o @fa©^E«^ • ; fi 

11 factor) (4, ¥it4K*ifi«:fcfcfe-M«><5.*- 

^jdftffLt^sr^^mai^ftTv^So AfflWftTHife 

(4, ^{CSsfLT^3~5 //mffclK *iH£*tL-a4 8 
~1 5(i mt?foSo 
[00,291 02 (c) 14, 0 2 OtdTIII 

mmuti (WfctfGaN) Kl 2 6#?i-'Nj:Crt*S 
ftfc^©, 1212 (b) jCT«SaftliJ:oTH*nfcl?^ 
©SS^SrS^TVS. GaNKl2 6(4, ^fl24C 
±*lw»*|6i&l«ltfr|6jtfifeJS$n5. iMffitcj&ftL 
fcGaNH 2 8 U «*ft(a£fiL 

SGaNino (Dm^^&mmt, mxfafc&mm 

©4>&< h t 2f&T*fe5 0 Lfc^oT, =§•;>< f-©*£& 

<3t^^ftSo 0 2 (c) tC^£}x-0^£ 4 5tC, Ga 
NI13 0 <7)^*(4 > 2 o©|«|7n >M32 

■c, .flttt«i*ffiS!©fiA»i!6«t«s|. 1 3 0 1 y y -xtt 
n\z&rz>VTi 3 4k&*-9-i 2 4 z k& 

iiLT«TI-iftB^-rSt(7)i:P1i©*ffiT\ ^blc^ffi 
irZZb >bT-§5o 

[0 0 3 0] *3SWtcLfcASofc|g2©*«feHJ:oT» 
fiKJjxS^iAUO^ 03 (a) St/i3 (b) 
Tj^tvCl^S,, ^fyyiOOOIt HuifiLfctWtPI 
«-C*>t». Lt*oTRWB«L4V\ 0 3 (a) 5r# 
fig-fSt, iSft^ELOGynt^CftV^, tl4 

4 <D(6tuti-5 p< tH2 <Dm<vstm£m]ft-f h 

•C#So L^L. xf5'^1 0 2 0l;*>l/^ > S i o 2 

y y-*«;4s.2»isreA?*-=:^3*iJ5. as lais-e 

14, IWfttl 4 4 (0 2 (b) Sl>*0 2 (c) (Cjo 
1 2 2 t lB]«-cfci) Tt&nmitMfS 1 4 5 
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1 4 2 ©Set) ©&#rt^nm©7E©JP 

TJWSfC&y 4 6i&S£fifc£ft.5 0 

10 0 3 1 ] 0 3 (b) 14, S i 0 2 1 4 2 |C 

3i s/^-^^$4xJ.ojS5^R6?BSG a 14 4 KfifcB 

£tlfc&©£^£S^-O^ 0 tD-ltl) yf\ 4 6£ 
ffLT^S. fMMG a Nll4 8*\ ^f^l 
0 2 0(CT>f-l 4 2CD±(Cfigft$nT^2>„ 10 
^ffl$n5t#{-fi, 4 2®!J 7 7*1 4 6©& 

l^#*©ffl« 14 2a [CT, ft#ftjBj*Jt#K<'t::*ft£ 
5 0 y y 7" 1 4 6 14, y y^l 4 6lcRgH--5igl 44 
©gH5#lc:}oft5G a Ntf\ ^IJ-1 4 2SrS^.-C«*(SHC 
*fi1-5riSr*S(f5 8 *©fl*>0i;:, G a NI4, y y 

fi 4 6(ongp{ciijjg-r5*-esE*(6](cfifes$-B:e>n 

5GaN^!)j/yi4 6 ©llg|5le?ljji-f 5 5 >^ 
(4, #*Wt©gMfll 4 2 a^PjflfcfrlPlKj&RL-C 
l^5ffi*H6«&*Ga Nil 4 8##*©y 5-/1 4 6© 20 

(B 1 fc*Stt**fUi*ftiftJMC|Sfe2 6 «r#flS©r. 

t) A>f>^t i 4 2©-*©W*i«ili:fiLt > r 
[0 0 3 2] r©>W*TM^»*#K©±fc?*'<-r*S: 

fS-m^^i-^zth^mxh^K ast4> 04 hs 
fi'$*t5*e>tf, sh^riiso^, £e>&3x'W* 

-4 J T*§5o El 3 (c) Z&m-fZ>b, *7-yfl0SQ 
(C^T, T'M X160 tf\ {g^i&ggG a NS 1 4 

-f-t?— fa >-7°nir^[CJ;oT, f^^l 6 0©±S 
(/6»SGaNll 4 8ffl7py MJI!l©±(;: => V* 
ni64Wl 6 6 riS^tt bft5 0 
[0 03 31 03 (c) KmZil&i. oftT'UXfttii, 

a^M^ttcii, ^fiScfi^n-fe^^iiigg-r?,- 40 

T-£5„ *^MW^3(0*ri5fe{cLfc^oT7^fiK^ix5^ 
ai'^, 04, i5ll/T$tlt^5„ r©fg3©7ji£ 

[0 0 3 4] 04 (a) (4, XT-yfl 0 2 0©BC(S 
^Pfe&ftG aN!2 1 2CD±|CtT^$^c* h Uv^* h 

2 10^tf^^2 0 05:/TLt^5„ >)x/n2 0 0 

t«g«lGaN2 1 4#-t--<TBNi£ft5o 
[0035] 04 (b) (4, ^T^T"! 0 2 0tC§ltM 50 
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^T, «^P65B*GaN^iy^y^T*^*$n7c^© 
^x^^LtV^. <g^Pfe^aGaNl2 1 2f4, # 
*©S i 0 2 /-^2 1 6{Cio-t5^f^tvCV>5 0 S i 
G-2 6t4, ^tTM®2 1 8SO^-^t7rl' 

TS«2 1' 9l-<toT^^ilT^5 0 IM12 18 

(4. *:^±©te©±T©i&jjK t4b^2 2 0©t 

[0 0 3 6] fcfc, 05 (a) 

(4, *x y 7° 1 0 2 0 roffllCS i O. y !)-^f2 2 2 
iCioTS^ix^o #SL<(4, Si0 2 «2 2 2©J? 
£f4, tc©S i02 i (0 4 (b) ©2 1 6£#Jf.©^ 
t) ©ff^i-HWlttl^U^ rwJtpg Ufyyio 
20)©ilft{4, !> y-^lS:igitt$*5fc»IC*2 2 
O^SiOi KTfftfffifeT, $ f>£5G a Nl©^* 

&tf#«©7t*t£<7:^N©ii«£l-5;: 

[0 0 3 7] 05 (a) {^$tl5J;5i-, SiO^S 
^i/s©^2 2 0»^©»»|Cit8lSn«*6tf. ^© 
i: # ft'{4, *H'v ! xF24fl^f77 , 1 020 ©ftl 
(C&2 2 0F*3lCffM£ft-5o * h h 2 4 014, * 

xs^l 0 2 0©rai^^2 2 OlCita^ix^S i 0 2 S 
2 2 2Z&mirZ 0 $ffL<J#fi$*lfcS i 0 2 Jf2 2 2 
©«'?a5^(4iifiJT'&?> C( C©ii»&S i 0 2 12 2 2 
(4, i^ft^h (W*.tf'<y7x K7yfbfc* l"H 
FJ ) KioTBMs;**!^,, Z<D=c M4, yy 

•J*B55>lz^ti-5A»/j: (benign) ^©Ttafrlcgfiix 
5o &31M4, C F« /0 2 ^^X^rtlltJJtS K7-f 

0 2 0©W{C^ffli"5r vvf K 

fc, ^s^V^tftfc, * hl/^ f> 2 4 0f4l^*$tl 

[0 0 3 8] 0 5 (b) £#{$1-5 lyfV^tU 
fcot* h l/-^ h*S|**$nfc«lC» (£*RS&*G a 
NO^fXlifli^2 12# 1 SiO. yy-^1244 
Wt5S i 0 2 ©a^l©±ir^gLTV>5 0 * 
(C, ^f5'7*1 0 6 0«rail > GaNW©figS755, Ga 

-< K9-f KMffi^t^drv— (HVPE) ) SrftfflU 
GaN^©sicSl4, ffi^Pi^SG a N^It- 
X(4SP^2 1 2*>5>SH**t5. Lfc/JSoT, ffLl^jfc 
fi^Pfl^gT'feSo ^cft(4, IStSGaN 
^f-2 1 2f^ofcSf B «o^ot^t5ST\ 

a & u«fa * [6] © \zmrn. $ n s . 

[0 0 3 9] 05 (c) »4. PS-f6GaNy^3i(4lf|5 

^2 i 2 -c*6*o t8iis^oi>oT*fft5i^ii*-e 

GaNl2 5 0^gLf:f©^x/N^Ltl/^ 0 m 
#>CRb2 5 4t)5#SL-CV5^, ^^©^2 5 4 
(4, Jt«8j«i£^[6$<CfiB*«G a Ng|W2 5 0©4S(C 
ffiSLTI/^. #W K (0^$tlTV^ t e^) m^K 
Pfe 2 5 4©Tl:tf L#5„ (07*$*vC^fc 
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1 2<DWU£X'1£Xf?>Z itf-CSS. 
Sfttt^ilMt^-f ^tf, M»fGaNi2 5 0O 

^^jsKft^ns. *>5#a-^f4» tiii^sipi:, if 

fifefilr nff6fc-t~5fljpi (electrodeposition) Xfi^O 

ft©*-^^, 9^14, SiOi yy-*S2 4 4£ 
^^-fr^fctoic^xs/yi 1 0 0X14 2 1 0 0©ffiH 
lyf+vh («x.(4HF) icft^n-c. :Hl:J:o 

7-YTSS2 1 9 -8:5. 
[0 040] 06 (a) I^$4XT^S4 51-, 125 
0#, ^StEftLO^-^a&R^fe^M^^ftiric 20 

[oo4i] ^-xmm*t><Dm<D#m\^ mfs.tfnz.rn 

(^/l/y7-f^ ; spreading) 4gfct£l&£-t- 5 C £ 

^*!44!>a##rc;lbt>, 30 

xfyytjyffUxoMiK HI 6 (b) fcij«£ftT 
l^3„ ^x->7°2 0 8 0©ffilC % ^^©^©{g^fe 
itGaNl!i2 5 0<7>±(C, IIl£SHfcfciNMt:2 
8 oasjfcg&ftSo m^^ttTl^^^-Y^ 2 8 014, 
MQWf£14ffi«2 8 2?;ft5#li^F^- tf^ 

^^-t*m^n?)„ ^;^y^^F2 8 4 (0«*.ffp 

= h) xVW^. 2 8 0O]Ig|5ro±(Cita$ 40 

tlZ> 0 nla^? h 2 8 6©i 5^="^^^ M s , ffi; 
^R6?SfflBl2 5 0ro»XttJiEfl!llca*ttl^*$*l5. 

2 8 O^^i^fc— #BB$tlT, «p B D »-r * 
7rt5'hS:4fJEt5wi:*-e#5. ^Il^f:7r 

ix5o dftibte, *MJy^77^Sr^SiU^. - 
%M£titz7T-tv h<D*7c¥ffl*i4, Tfc^ttS&fcft 
/Wki"5. 50 
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[0042] &.±.\z®mLtz%mi&%Lx. ttm.*7- 

^11 0 OXI4{-t#W^^il^7 i -7 7 0 2 1 0 OSrffiit 
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